The incidence of multiple myeloma (MM) is increasing worldwide, but the rate of increase is greatest in Asia. Few data describe the epidemiology and treatment of MM in Asia. Building on a cohort study from 2007 to 2012 using the Taiwan National Healthcare Insurance Research database, we extended our analysis to estimate the disease burden and treatment patterns of patients with MM in Taiwan through 2015. A further 1664 patients with newly diagnosed MM from 2013 to 2015 (total 4387 patients from 2007 to 2015) were enrolled and followed up until death or end of the observation period (December 31, 2016), whichever occurred first. The age distribution of the 2013-2015 cohort was similar to that for previous years, but there were fewer men (52.1% versus 58.0%), and more patients had renal impairment at diagnosis (19.7% versus 16.4%). From 2007 to 2015, crude annual incidences per 100,000 population of newly diagnosed MM increased from 1.74 to 2.48 and age-adjusted incidences from 1.41 to 1.65. Crude all-cause mortality rates increased over time. Case fatality decreased from 25.5 to 18.3% and median survival increased from 2.10 to 3.12 years. From 2007 to 2015, the percentage of patients receiving first-line therapy with novel agents increased from 0.4 to 89.4%, autologous stem cell transplantation doubled, and chemotherapy use decreased by 81%. Comprehensive national data covering 9 years of follow-up demonstrate continuing change in the disease burden, treatment, and survival of MM in Taiwan. Despite increased use of new treatments, MM remains largely incurable.
Introduction
Multiple myeloma (MM) is an incurable malignancy of clonal plasma cells that is associated with older age and is more common in men [1] . It is the second most common hematological malignancy after lymphoma, with a global age-standardized incidence in 2016 of 2.1 per 100,000 persons (95% confidence interval [CI] 1.8-2.3) and an agestandardized death rate of 1.5 per 100,000 persons (95% CI 1.3-1.7) [2] . Across the globe, MM incidence rates vary by 10-fold, with the highest rates observed in Europe, North America, and Australia (age-standardized incidence rates 4.6 to 5.8 per 100,000 persons) and the lowest rates in regions of Africa and central Asia (0.4 to 0.9 per 100,000 persons) [2] . The age-standardized incidence rate among African-Americans is twice that among white Americans (9.5 versus 4.1 per 100,000 per year) [3] . The incidence of MM appears to be increasing everywhere, but the highest increase in incident cases from 1990 to 2016 occurred in China, North Korea, and Taiwan (262% increase) [2] . While population growth and an aging population accounted for some of this change, there was a 157% increase in the age-specific incidence rate over time [2] . Few studies have examined how the clinical course of the disease differs between ethnic groups [4] . The factors underlying the lower incidence of MM in Asia and contributing to its increase are not known.
Taiwan has a population close to 24 million. The singlepayer National Health Insurance (NHI) system in place since March 1995 provides mandatory health insurance for the entire population of Taiwan. The system provides comprehensive population coverage and accessibility to health services, with low administrative costs [5] . The program is primarily funded by payroll tax premiums and subsidies from government revenue. All administrative and claims data are held centrally (National Health Insurance Research Database, NHIRD) providing a data repository that facilitates research and health policy formulation. We previously used the NHIRD to describe temporal trends in the disease burden, clinical characteristics, and treatment trends of MM in Taiwan from 2007 to 2012 [6] . The age-adjusted incidence of MM increased by 13% over this period, from 1.41 per 100,000 population to 1.59 per 100,000 population (p = 0.01). There was a marked change in treatment patterns after the introduction of novel agents (bortezomib, thalidomide, and lenalidomide) to Taiwan, but case fatality in patients with MM remained high (19.4%). In this study, we used the same database to extend the analysis period until 2015. As well as informing on current MM disease trends, treatments, and mortality in Taiwan, these data provide the most up to date information for use in health technology assessments when considering the impact of new treatments for MM.
Methods

Data source
The NHIRD population-based claims database is provided by the Taiwan National Health Insurance Administration and maintained by the Health and Welfare Data Science Center, Ministry of Health and Welfare, Executive Yuan, Taiwan [7] . The NHIRD contains information on all medical services in Taiwan. Primary and secondary diagnoses are coded in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) format, and demographic information, date, and type of service provided (physician services, drugs, prescription, laboratory and imaging examinations, and hospital ward) are recorded. The National Health Insurance Administration verifies the accuracy of the information stored in the database through random reviews of one per 100 ambulatory and one per 20 inpatient claim cases, as well as patient interviews [7] [8] [9] .
Cases of MM were identified from the Registry of Catastrophic Illness (NHIRD-RCI), a data file within the NHIRD through which insured patients are granted exemption from co-payments for specified major conditions. A catastrophic illness certificate is issued for a list of confirmed diagnoses legislated by the NHI Administration, including cancers. Cytological or pathological reports or evidence supporting the diagnosis of malignancy is required before the certificate is granted.
All personally identifiable information was encrypted to protect patient privacy. Patient consent was not required and the study was granted an exemption from ethical review by the Taipei Medical University-Joint Institutional Review Board.
Study population
The study population comprised all patients in the NHIRD-RCI who received a catastrophic illness certificate for MM (ICD-9 codes 203.0X or 203.0 or 203) with an initial diagnosis between January 1, 2007 and December 31, 2015. Prevalent cases were defined as all incidents and existing cases of MM captured in the database in each calendar year.
Outcomes and follow-up
The diagnosis index date was defined as the date of the first MM diagnosis. Patients were followed up from the diagnosis index date until death, end of the follow-up period, or disenrollment from the database, whichever occurred first. For the 2007-2012 cohort, the end of follow-up was December 31, 2013. For the 2013-2015 cohort, the end of follow-up was December 31, 2016.
Comorbidities present within 12 months prior to the diagnosis index date were recorded in the subset of patients who had been in the database for at least 1 year. For comorbidities associated with MM, patients were to have had at least three outpatient visit claims or at least one hospitalization claim with a primary or secondary diagnoses of renal injury/renal failure (ICD-9 codes 586), anemia (ICD-9 codes 281, 283, 284, 285, 776), bone fracture (ICD-9 codes 800-829), or pneumonia (ICD-9 code 486). The Charlson Comorbidity Index (CCI) was calculated using ICD-9-CM (Charlson/Deyo).
Three sources were used to capture deaths over the study period: death records in the NHIRD-RCI, discharge status from hospital medical claims, and disenrollment records in the enrollment files of insurance beneficiaries.
Patients who were aged at least 18 years at the diagnosis index date, who had been in the database at least for 12 months prior to the diagnosis index date, who had at least one hospital or outpatient visit for MM after the diagnosis index date, and who had received treatment for their MM were included in the treatment sub-cohort of subjects for assessment of first-line treatment received. In the treatment sub-cohort, patients with a record of any other primary cancer before the MM diagnosis index date and any patients with evidence of a confirmed diagnosis or disease progression to immunoproliferative neoplasms other than MM (ICD codes 203.1X or 203.1 or 203.8X or 203.8) within 2 months after the diagnosis index date were excluded.
The use of chemotherapy, novel agents (bortezomib, thalidomide, and lenalidomide), and steroids for first-line treatment of MM given as an outpatient or inpatient was coded using Reimbursement Codes defined by the NHI administration. Drugs were captured by Anatomical Therapeutic Chemical codes.
Statistical analysis
Prevalence and incidence rates of MM and mortality among all patients with MM due to any cause were calculated with 95% CIs. The case fatality rate was calculated by dividing the number of the deaths among the total number of MM patients in each calendar year. The all-cause mortality rate was calculated by dividing the number of deaths in patients with MM by the Taiwanese population in each calendar year. Demographic and clinical characteristics were described. Overall survival from the diagnosis index date was calculated using the Kaplan-Meier method. Age standardization used the World Health Organization world population 2000-2025. All analyses were performed using SAS Version 9.4 (Cary, NC, USA).
Results
Characteristics of patients with MM in Taiwan
There were 1664 patients in the NHIRD-RCI with an index diagnosis of MM between 2013 and 2015, giving a total for the 2007-2015 period of 4387 patients. The mean age of the 2013-2015 cohort was 67.6 years (standard deviation [SD] 12.0), and 52.1% (867/1664) were men (Table 1) . At the time of diagnosis, 37.8% of patients had anemia, 19.7% had renal impairment, 17.9% had a bone fracture, and 15.1% had pneumonia. The mean CCI at diagnosis was 1.9 (SD 2.3).
Compared with the 2007-2012 time period, the 2013-2015 cohort included fewer men (52.1% versus 57.5-58.6% between 2007 and 2012) and a somewhat higher percentage of patients with renal impairment at diagnosis, increasing progressively from 14.4% in 2007-2008 to 19 .7% in 2013- Table S1 ).
Incidence, prevalence, all-cause mortality, and case fatality in patients with MM Annual increases in the crude incidence of MM observed between 2007 and 2012 continued through 2015 ( Fig. 1 There was no clear trend in crude all-cause mortality rates (death due to any cause in patients with MM divided by the Taiwanese population in each calendar year) apparent between 2007 and 2012 (p = 0.1157), but over the longer observation period to 2015, crude mortality increased from a nadir of 1.37 per 100,000 population in 2008 to 1.73 per 100,000 population in 2013 and 2015. Age-standardized all-cause mortality did not change across the 2007-2015 period.
Incidence, prevalence, and all-cause mortality in patients with MM increased markedly with age, and the rates were usually higher in men (Figs. 2, 3, and 4 ). MM incidence peaked in those aged 80 years and older at 16.06 per 100,000 population in men and 11.6 per 100,000 population in women. MM prevalence reached 63.98 per 100,000 population in men aged 80 years and older, versus 40.81 per 100,000 population in women of the same age. The all-cause mortality rate was 23.59 per 100,000 population in men and 12.82 per 100,000 population in women aged 80 years and older.
Compared to the 2007-2012 period, the prevalence of MM in 2013-2015 increased markedly in patients aged 70 years and older (Fig. 3) . The overall mortality rate among patients with MM also increased in 2013-2015 compared to previous years; in men from 1.75 per 100,000 population in 2007-2008 to 2.13 per 100,000 population in 2013-2015 and in women from 1.10 per 100,000 population to 1.42 per 100,000 population, respectively (Fig. 4) . However, the mortality rate decreased in both sexes for those aged 40-49 years, 50-59 years, and 60-69 years.
The case fatality rate (number of the deaths due to any cause among the total number of MM patients in each calendar year) decreased annually from 25.5% in 2007 to 18.3% in 2015. Table S1 ).
Overall survival
Discussion
The results of this extended analysis build on our previous study and confirm a continued increase in the disease burden due to MM in Taiwan since 2007 that as yet shows no sign of plateauing. The age-standardized incidence of MM in Taiwan increased by 17% between 2007 and 2015. Increased case numbers coupled with a 28% decrease in fatality and improved survival resulted in an increase in median survival time by 1 year (from 2.10 to 3.12 years).
We observed an increase in crude all-cause mortality rates (but not age-adjusted all-cause mortality) over time, driven by Fig. 2 Sex-specific and agespecific incidence of multiple myeloma in Taiwan (agestandardized rates per 100,000 population with 95% confidence interval) 2007-2015. 2007-2012 data from Tang et al [6] . Tabulated data are provided in the online resource Table S2 an increase in patients aged 80 years or more between 2013 and 2015 compared to the preceding years. This likely reflects a combination of increased incidence rates and improved survival in this age group, reflected by the marked increases in MM prevalence among older adults over time.
Thalidomide received re-imbursement for first-line therapy of MM in July 2009. Bortezomib became available in 2007 and received re-imbursement for first-line therapy of MM in June 2012 [10] . Lenalidomide is approved for use in patients with treatment failure of first-line therapy in Taiwan. Since 2007, the first-line treatment of MM has changed dramatically; almost all patients (89.4%) received novel agents alone or combined with chemotherapy in 2015, and the rate of transplantation almost doubled. Over the same period, OS increased and while our study was not designed to show a causal association between treatment use and survival, the increase in OS is consistent with clinical benefit, including increased survival, associated with the use of novel agents and transplantation as demonstrated in clinical trials and epidemiological studies [11, 12] .
Although OS has improved in patients with MM in Taiwan, survival rates remain below those observed in other Western countries and other industrialized Asian countries. We linked patient data from the NHIRD concerning first diagnosis of MM with the death registry in Taiwan which enabled us to capture complete information about MM treatments given as inpatients or outpatients, as well as drug access and deaths wherever they occurred in Taiwan. Therefore, we are confident that the estimates of OS in our study are accurate.
A review of MM in 7 countries in Asia concluded that the cytogenetic profiles of patients included in the analysis showed trends similar to the Western literature [13] . However, when these patients were compared with patients Fig. 3 Sex-specific and agespecific prevalence of multiple myeloma in Taiwan (agestandardized rates per 100,000 population with 95% confidence interval) 2007-2015. 2007-2012 data from Tang et al. [6] . Tabulated data are provided in the online resource Table S3 with MM from Latin America, it was observed that Asian patients tended be older, to have more advanced disease stages and shorter median OS than those in Latin America [14] . Of note, there was no difference in OS between the regions for transplanted patients, suggesting that different rates of ASCT use influence OS estimates in different countries.
In other industrialized countries in Asia, OS estimates of patients include 47 months (7 countries combined) [1] , 60.6 months in Japan [3] , and 48.3 months in Korea, versus 37.4 months (3.12 years) in our study. Some of the observed differences could relate to data source and study design. For example, we were able to identify all deaths and avoided loss-to-follow of patients which can occur in hospital-based studies and which can falsely elevate OS estimates. Of note, OS in a study in Korea that also used a national database was 48.3 months. However, 42.5% of patients less than 65 years of age received ASCT in Korea, versus 14.4% in our study.
While we cannot rule out that underlying differences in MM biology contribute to lower survival in Taiwan, the Fig. 4 Sex-specific and agespecific mortality (all-cause) of multiple myeloma in Taiwan (age-standardized rates per 100,000 population with 95% confidence interval) 2007-2015. 2007-2012 data from Tang et al. [6] . Tabulated data are provided in the online resource Table S4   Table 2 Median overall survival and survival probability in patients with multiple myeloma in Taiwan, 2007 Taiwan, -2009 Taiwan, , 2010 Taiwan, -2012 Taiwan, , and 2013 Taiwan, -2015 Taiwan, 2007 Taiwan, -2009 Taiwan, 2010 Taiwan, -2012 available evidence does not support clinico-pathological differences between MM in Taiwan versus other parts of Asia where survival is higher. The low OS rate observed in our study is likely to be multi-factorial, possibly related to differences in the availability of a range of novel agents, with fewer options currently available in Taiwan than in other countries, as well as the low rate of ASCT in Taiwan.
We observed that all-cause mortality decreased in age groups up to age 70 years but increased in patients aged 70 years and older at the time of diagnosis. Older age is associated with poorer survival from MM due to combinations of frailty, elevated beta-2-microglobulin, comorbidities, increased risk of toxicity from treatment, and general recommendations not to provide ASCT to patients over the age of 65 years [15] . This maxim is being challenged as evidence accumulates that elderly patients can benefit from ASCT and have survival and toxicity profiles that do not differ markedly from younger patients [16, 17] . Kumar et al. (2014) reported improvements in OS in patients with MM, with increases exclusively observed in the 65 years and older age group [11] . This prospective study was conducted at a single institution in which 21% of patients over 65 years of age received ASCT. However, the findings should be interpreted cautiously because the impact of patient loss to follow-up, which can falsely elevate estimations of OS, is unknown. The results of Kumar et al. also contrast with findings from a population-based study in the United States using SEER data that showed no improvement in 10-year relative survival rates from 1993 until 2012 among patients aged 75 years and older [18] . Treatment options for older patients with MM can be improved by early use of novel agents and ASCT. In Taiwan, the observation that mortality in older patients increased over time is concerning and warrants discussion among the medical community on how outcomes in older patients can be improved.
The incidence of MM is increasing globally, most rapidly in Taiwan, China, and Korea [2] . Aging populations and population growth do not fully explain the increase, and other predisposing factors or exposures remain to be fully identified [2] . Exposure to farm work, printing and cleaning occupations appear to have some association with an increased risk of MM [19, 20] . Some studies have identified numerous predisposing genetic factors for MM [21] [22] [23] . However, as yet, the role of these exposures and the distribution of genetic susceptibility among different population groups have not been evaluated.
Strengths of our study include the use of the most up to date national data from the NHIRD, a comprehensive data source that captures inpatient and outpatient healthcare-related events for all residents in Taiwan, identification and confirmation of deaths from three sources, and an extended follow-up period over 9 years. The study observation period encompassed the dates when novel agents became available for first-line treatment of MM in Taiwan, allowing us to observe changes in treatment patterns and survival over time.
Limitations of the study include the lack of information on clinical stage, clinical progression, and clinical responses to therapy, which did not allow us to directly link treatment with clinical benefit.
In conclusion, the epidemiology and treatment of MM in Taiwan are changing. The uptake of novel agents for first-line treatment of MM in Taiwan has been high and the use of transplantation continues to increase. High mortality among older adults with MM requires further investigation to understand how treatment can be optimized in this age group. Over the study period, MM case fatality decreased and OS improved, but MM remains an incurable disease. Research to understand the etiologic events underlying the rise in MM in Asia is needed. programming, analytic support, and expertise during the study, and to Choo Hua Goh from Janssen for study support activities. Writing assistance was provided by Joanne Wolter (independent on behalf of Johnson & Johnson Pte Ltd). This work was supported by Janssen Research & Development LLC (Titusville, New Jersey, United States).
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